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NATTONAL: ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM
AERODYNAMIC STUDY OF A WING-FUSELAGE COMBINATION EMPIOYING A WING
SWEPT BACK 63°.—~ CEHARACTERISTICS THROUGHOUT THE SUBSONIC

SPEED RANGE WITH THE WING CAMBERED AND TWISTED FOR A
UNIFORM ILOAD AT A LIFT COEFFICIENT OF 0.25

By J. Lloyd Jones and Fred A. Demels

SUMMARY

Wind—~tunnel tests have been made to determine the independent
effects of Mach and Reynolds numbers on the asrodynamic characteristics
of a wing—fuselage combinastion employlng a wing having the leading edge

swept back 63° and heving camber and twist. Tests were also made of
the fuselage alons.

Tncreasing the Mach number from 0.20 to 0.93 resulted in an
increase of lift-curve slope from sbout O. o049 to 0.055 per degree.
The abrupt forward movement of the aerodynamic center at the higher
1ift coefficients, typilcal of highly swept wings, decreased in
severity with increasing Mach number.

The principal effects of increasing Reynolds number from 0.8
million to 9.0 milliion at a Mach number of 0.20 were a reduction of the
draeg at positive 1lift coefficlents above sbout 0.2 and elimination of
minor irregularities in longitudinal stability up to a 1ift coefficient
of about 0.55. These data indicate that certain lmportant effects of
boundary—layer separation which are evident from tests of highly swept~—

back wings at low Reynolds numbers may not be present under full-scale
conditions.

Charecteristics of the wing alone were calculated by subtracting
the forces and moments of the fuselage elone from those of the wing—
fuselage comblnation, and no account was made either of wing—fuselage
interference or of the wing area enclosed by the fuselage. The charac—
teristics thus obtalined are compared with those of a wing of identical
plan form but having no camber or twist. The effects of camber and
twist were a reduction of the drag at 1ift coefficients above ebout 0.1
and an increase of gbout 33 percent in the 1ift coefficient at which
loss of static longitudinal stability occurred.
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INTRODUCTION

The advanteges of wings having large amounts of sweepback for
efficient flight at supersonic speeds up to Mach numbers of approx—
imately 1.5 have been pointed out by R. T. Jones In reference 1. A
coordinated program was formulated for investigstion in various facili~
ties of the Ames Aeronautical Laboratory of a wing—fuselage combination
designed according to the indications of that study.

Tests to date have shown that the rate of drag increase with 1ift
coefficient was greater than theory predicted, the discrepancy being
attributed to boundary-layer separation resulting from an adverse chord-—
wise pressure gradient due to 1lift, especially severe at the wing tips
where the induced upwash 1s large. Camber and twlst have been suggested
(reference 1) a8 possible means of decreasing this adverse pressure
gradient. A discussion of the design of & wing incorporating such
camber and twist 1s presented in reference 2, along with the results of
testes of thies wing at a Mach number of 1.53.

The present report presents the results of tests in the Ames
l2—foot pressure wind tunnel of a sting-mounted model of a cambered and
twisted wing having the leading edge swept back 63° in combination with
a slender fuselage. The model was simllaer to the model used for the
tests reported in reference 2. The effects of the Independent variation
of Mach and Reynolds numbers on the subsonic characteristics of the
wing—fuselage combination and of the fuselage alone are presented. A
comparison is made with a wing of identical plan form, but having no
camber or twist. Data were obtained at the lowest Reynolds number
(0.8 million) to ald in evalusting other data on highly swept wings
obtained at comparsble Reynolds numbers. .

SYMBOLS
The following coefficients and symbols are used in this report:
a speed of sound, feet per second
b wing span measured perpendlicular to plene of symmetry, feet

c local chord measured parallel to/plane of symmetry, feet
b/=
f c2dy
wing mean aerog, ic chord 2 feet
13 yaam . -E?Z:__—_- )

fo c dy

al

drag
Cp drag coefficient< S

Y



Cr, 1lift coefficient <'l'?iié&>

Cm pitching-moment coefficient about the quarter—chord point of the
wing M.A.C. (n&&bin%)
qSc

4CL, 1ift—curve slops, per degree
do

M Mach number <§€) .
a
q dynamic pressure lsz s pounds per square foot
2 : .
R Reynolds number <£E->
11

S wing area, square feet

t maximum thickness of wing section, feet

v free—stream velocity, feet per second

¥  lateral distance, feet

@ angle of attack of root chord line, degrees

at  angle of twist with reference to root chord (positive for washin),
degrees

K coefficient of viscoslty of air, slugs per foot—second

p mass density of ailr, slugs per cubic Poot

MODEL: AND AFPARATUS

Photographs of the model used in this investigation are presented
in figure 1, and dimensions are given in figures 2 and 3. The wing was
constructed of solld steel, and the fuselage of steel and aluminum.

The wing had a leading—edge sweepback of 63°, a tip—chord—to—root—
chord ratio of 0.25, end an aspect ratio of 3.5. The streamwise airfoil
sections had the NACA 64A005 thickness distribution combined with a=1
mean—camber lines. The wlng, as developed theoretically for a 1lift
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coefficient of 0.25 at & Mach number of 1.5, was canmbered and twisted to
support & uniform distribution of 1lift over its surface. This develop—
ment wes described in reference 2. The model of reference 2 was
constructed with less twist than was indicated by theory, the theoretical
twist being reduced by the amount expected from wing deflection at the
design 1ift coefficient and at the test dynamic pressure. Since the
range of serodynamic forces encountered in this series of tests was so
wide, it was impossible to design the model to compensate for the effects
of aerodynamic losding on wing twist. Consequently, the model was
designed with the same twist variation under the no—load condition as the
model of reference 2. Spanwise variation of canber and twist 1s shown in
figure 3, and section coordinates are given in table I.

The fuselage shape used in this investigation has been determined
by Haack (reference 3) to have minimum pressure drag at supersonic
speeds for a given length and volume, assuming closure at the tail as
indicated by the dashed linss in figure 2. The after 21 percent of the
model fuselage length was cut off to permlt installation on the sting
support. The resultant fineness ratio of the fuselage was 9.9; whereas
the fineness ratio of the basic closed body was 12.5. The equation
defining the coordinates of the fuselage is given in figure 2.

The model was equipped with constant—chord plain flaps extending
over the outer 50 percent of the span. The flap chord was 25 percent
of the wing chord at midsemispan. The flap had a radius nose and the
unsealed gap was approximstely 3/6)4- inch, This large gap was necessary
to permit the desired sngular deflection since the flap had considerable
spenwise curvature. For the tests reported herein, the flap was
undeflected, and was restrained near its Inner extremity.

The model was mounted on a sting—type support, and the angle of
attack was contlinuously controllable from a remote station during wind—
tunnel operation. All forces and moments were measured by means of g
wire-resistance strain-gage balance enclosed by the model.

TESTS

Lift, drag, and pitching-moment data have been obtained throughout
an angle—of-atbtack range for the wing—fuselage combination. The angle—
of-attack range for the tests was from 8% to +199, except at high Mach
numbers and the highest Reynolds numbers where the angle was limited by
vibration of either the model or its support, or by wind—tunnel power.

At Reynolds numbers of 0.8 million and 2.0 million, data were obtained
over a range of Mach mumbers up to a maximum of 0.93. At a Mach number
of 0.20, deta were obtained over a range of Reynolds numbers from 0.8
million to 9.0 million. ILift, drag, and pltching—moment data have been
obtained for the fuselage alone throughout the ssme renge of angle of

sirromia )
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attack and Mach number at a Reynolds number of 2.0 million.

CORRECTIONS

The data have been corrected for the effects of tunnel-wall inter—
ference, constriction due to the tumnel walls, base pressure, and static
tares due to the weight of the model. No correction has been applied to
account for the effect of flap deflection under losd upon the force and
moment coefficients presented. At the highest loading condition, this
deflection was of the order of 1°. The angle of attack of the model was
measured visually by means of a cathetometer, hence no corrections were
necessary to account for deflection of the support equipment.

Tunnel—-Well Interference

Corrections to the data due to induced tunnel-well interference
have been evaluated by the method of Glauert (reference 4). Since the
ratio of model span to tunnel diameter was small, the total corrections
were small, and no account was taken of the sweepback of the wing. The
following corrections were added:

Ao = 0.26 Cg,
ACy, = 0.0046 CLZ
No correction was applied to the pltching moment.
Constriction Effects
The constriction effects of the turnel walls have been evaluated by
the method of reference 5. This method has not been modified to account
for the effects of sweepback. The magnitude of the corrections applied

to the Mach number and to the dynamic pressure is illustrated by the
following table:

Uncorrected q, corrected

Corrected Mach number g, uncorrected
Mach Wing and| Fuselage | Wing and |Fuselage
number fuselage slons | fuselage alone

0.930 0.919 0.921 1.012 1.012

.920 911 .12 1.010 1.010

.890 .884 .885 1.007 1.007

. 850 .846 . 847 1.005 1.005

.800 .798 .798 1.003 1.003

. T00 .698 699 1.002 1.002

.600 .599 599 1.002 1.002

400 .399 .400 1.001 1.001

.200 .200 «200 1.001 1.001
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Besse—Fressure Corrections

The pressure on the base of the model fuselage was measured and, in
an effort to correct for support Interference, the drag data were
corrected to correspond to & base pressure equal to the static pressure
of the free stream. The effect of longitudinal pressure gradient on
dreg was calculated and found to be negliglble.

Teres

S8ince the belance was within the model, there were no tares duwe to
direct air forces on the model—support equipment. Corrections were made
for the change in static tares due to the weight of the moiel and the
variation of model attitude throughout the angle—of-attack renge.

PRECISION

The several sources of error affecting the accuracy of the results
presented herein are listed below, along with an estimate of thelr magni—
tude.

The principal source of error in the data arises from the fact that
the precentage accuracy of a given wire—resistance strain gage varies
linearly with the absolute magnitude of the force lmposed, and that the
greatest percentage error occurs with the smallest applled force. The

capacities of the gages used were governed by the large variation of
" forces encountered, and it was not practiceble to change gages during
the tests to improve the accuracy of the balance. The following table
glves an estimate of the precision of the force and moment coefficlents
ag determined from strain-gage celibrations for the limiting values of
Mech number and Reynolds number:

~ Fuseolage
Wing—fuselage combinatio alone
R} 0.8<08 ] 2.0x108| 9.0x10 2.0x1086
M (per— | (per—| (per—j (per—
cent) cent) cent) cent)
)
0.20 9 y 1 7
.93 2 1 - 1
CL
20 1 1 0 L
.93 0 0 - 3
Con
.20 3 1 0 1
.93 0 0 - 0




Calibration of the strain—gage balance indicated that interactions
due to deformation of gage members were negligible. Corrections were
made for zero shift of the strain irndicating instruments.

Another possible source of error in the results was friction in the
balance. The effect of friction was largest on the drag measurements of
the fuselage alone where the drag force imposed by the weight of the
fuselage was large compared to the aserodynasmic drag of the fuselage.
Reasonably good indication that the effect of frictional forces on the
other components was smell is the fact that, in general, experimental
scatter lies within the limits of error given in the preceding table.

The angle of attack of the model was observed visually by means of
& cathetometer. From numerous test readings it waes determined that the
angle of attack could be set repeatedly within #0.15°.

RESULTS AND DISCUSSION

Effects of Mach RNumber

General aerodynemic characteristics.— General aerodynamic charac—
teristics of the wing—fuselage combination are presented in figures 4

and 5 for Mach numbers from 0.20 to 0.93 and Reynolds numbers of 0.8
million and 2.0 million, respectively. The dreg varietion with 1ift
(figs. 4(a) and 5(a)) shows no pronounced effect of Mach number. The
angle of attack for minimum drag was sbout 0° throughout the Mach
number range. The values of drag coefficient were sbnormally low at low
1lift coefficients for 0.40 Mach number at 0.8 million Reynolds number
and for 0.20, 0.40, and 0.70 Mach number at 2.0 million Reynolds number.
These small magnitudes are attributed to malfunction of the strain—gsge
balance rather than to a characteristic of the model.

No pronounced effect of Mach number is noted in the varistion of
11ft coefficient with angle of attack (figs. 4(b) and 5(b)). The angle
of attack for zero lift was asbout 0.5° at & Mach number of 0.20 and
increased graduslly to about 1.0° at a Mach number of 0.93. A slight
decrease In lift—curve slope is noted at a 1ift coefficient of sbout 0.2,
with subsequent recovery to a value even greater than that at zero 1ift.
Neither the severity of this reduction of, slope nor the 1ift coefficient
at which it occurred was affected by Mach number. A corresponding
forward movement of the serodynamic center is discernible from the
pitching—moment data (figs. 4(c) and 5(c)) over the range of 1lift coef—
ficlents affected, with subsequent rearward movement to a location
generally behind that at zero 1ift. There was complete loss of static
longitudinal stebility at the higher 1ift coefficilents. (The 1lift
coefficient at which instability occurred had no consistent variation
with Mach number, but was between 0.5 and 0.6 for most of the test Mach
numbers.) This trend is typical of the stalling characteristics
peculiar to wings with lerge amounts of sweep (references 6, 7, and 8).
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The reductlion of lift—curve slope and statlic longltudinsl stability
which occurred near a lift coefflcient of 0.2 is more apparent than has
been observed in other investigations. It is felt that this devietion
was due to separation and comnsequent loss of 1ift at the wing tips,
which, being well back of the moment reference, would have caused a
reduction in static longitudinal stability. It is further belleved that
the reerwerd movement of the eserodynamic center (subsequent to the
forward movement near a 1lift coefficient of 0.2) resulted from a chord—
wise redistribution of load, due to separation, wherein the section
centers of pressure moved aft. This phenomenon was noted in reference 7.
The lift~curve slope lncreased throughout the range of 1lift coefficients
in which this rearward aerodynemic—center movement occurred, as evi—
denced by figures 4(b) and 5(b). The abrupt forward movement of the
serodynamic center, begimning at a 1ift coefficient of about 0.5 to 0.6,
probably resulted from wing stall beginning at the tips end progressing
inward. Increasing the Mach number reduced the severity of this abrupt
forward movement. The pitching-moment coefficient at zero 1lift was
approximately —0.006 and changed very little throughout the Mach nunber
range Ilnvestigated.

Minimum drag coefficlent.— The effect of Mach number on minimum
dreg coefficient is shown in figure 6 for a Reynolds number of 2.0
million. The minlmum drag coefficient increased from about 0.007 to
0.008 for a renge of Mach numbers from 0.20 to 0.93. At zero angle of
attack (the angle of attack for minimum drag) the outboard sections of
the wing were at negative angles, which probably resulted in a gresater
increase of drag with Mach number than would be the case if sll sections
were at zero angle of attack. . ;

Lift—curve slope.— The effect of Mach number on lift—curve slope
‘at Reynolds numbers of 0.8 million and 2.0 million is presented in
figure 7. Lift-curve slope increased from approximately 0.052 to 0.058
for the test Mach number range st a Reynolds number of 0.8 million and
from epproximately 0.049 to 0.055 at a Reynolds number of 2.0 million.
In all cases, lift-curve slope was measured between 1ift coefficients of

~0.1 and O.1l.

Lift—drag retio.— The effect of Mach number on lift—drag ratio is
presented in figures 8 and 9, which show the variastion of lift—drag
retio with 1ift coefficlent for various Mach numbers. The separstion at
the wing tips, the effects of which have been noted in the lift and
moment data at e 1ift coefficient of about 0.20, is seen o manifest
jtself as an sbrupt terminetion of the rise of lift-—drag ratio with 1ift
coefficient, which occurred at this same 1ift coefficient (about 0.2).
The sherp reduction in lift-drag ratio is a result of the rapld increase
of dreg which occurred as the 1lift coefficlent was increased above 0.20
or 0.25. A generel decrease in meximum lift-drag ratio with increasing
Mech number i1s seen in figure 10. The lift—drag retios presented are of
limited guentitative value however, because of the low degree of
accuracy of the drag data at small angles of attack.
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The curves presented for 0.4 Mach number at Reynolds numbers of
0.8 million and 2.0 million (figs. 8 end 9) do not correspond to the
data of figures 4 and 5. The erroneously low dregs obtained at these
test conditions, attributed to malfunction of the balance, resulted in
corresponding values of 1ift—drasg ratio which were unreasonably high;
consequently, the data were reteken. It was later discovered that one
flap was deflected slightly during the reruns and the data indicated .
zero 11ft at zero angle of attack. The lift—drag ratios presented are
from results of the reruns. The erroneous flap angle was very small and
it is reasoned that this deflection would not affect the general vari—
etion of lift-drag ratio with 1ift coefficient, although the angle of
attack for a given lift-drag ratio would be affected.

Aerodynamic center.~ The variation of aerodynamic—center position
with Mach number is presented in figure 11l. Aerodynamic—center
locations were obtained from the linear portions of the moment curves
through zero 1ift; consequently, they are significant only for that
limited range. A small rearward movement was noted from spproximately
4] to 45 percent of the mean eserodynamic chord as the Mach number
increased from 0.20 to 0.93 at Reynolds numbers of 0.8 and 2.0 milliom.

Effects of Reynolds Number

General aerodynamic characteristics.— General aserodynamic charac—
teristics of the wing-fuselage combination are presented in figure 12
for several Reynolds numbers from 0.8 million to 9.0 million for a Mach
number of 0.20. Increasing the Reynolds number reduced the drag at
positive 1lift coefficients above sbout 0.2 (fig.12(a)). The 1lift data
(fig. 12(b)) indicate that at the higher Reynolds numbers the slight
reduction of lift—curve slope due to separation at the tips was reduced
in megnitude and delayed to a higher 1lift coefficient. At a Reynolds
number of 9.0 milliion this reduction began at a 11ft coefficlent of
about 0.35. However, the pitching moments at a Reynolds number of 9.0
million (fig. 12(c)) show very little movement of the aerodynemic center
from a 1ift coefficlent of -0.1 to a 1ift coefficient of 0.55, the
highest value obtained at this Reynolds number. These data indicste
that certaln important effects of boundary—layer separation which are
evident from tests of highly swept—back wings at low Reynolds may not bhe
present under full—-scale conditioms. ’

Minimum drag coefficient.— The variation of minimum dresg coef—
ficient with Reynolds number for a Mach number of 0.2 may be seen in
figure 6. A gradual increase is noted from spproximately 0.007 at a
Reynolds number of 2.0 million to 0.010 at ‘9.0 million.

Lift—curve slope.— Variation of lift—curve slope with Reynolds
number 1s shown in figure 7 for a Mach number of 0.2. The lift—curve
slope decreased gradually from 0.051 at a Reynolds number of 0.8 million
to 0.046 at 9.0 million.

Faey



10 NACA RM AGD25

Lift—-drag ratlo.~ The effect of Reynolds mumber on lifi-dreg ratio
is presented in figure 13 which shows the variation of lift—drag ratio
with 1lift coefficient at a Mach number of 0.20. It should be noted that v
at the higher Reynolds numbers (5.0, 7.0, and 9.0 million) the steep
drop in lift—drag ratio was delayed to slightly higher 1ift coefficients,
and that, as a resullt, the lift-drag ratlios were near their maximum
values over a greater range of 1ift coefflicients.

Attempts were meds to obtaln an Insight on the tip separation at a
1ift coefficient of 0.2 by employing surface roughness. Full—span
roughness strips of 2—percent—chord width were altermately placed at the
leading edge of the wing and centered on the S5—percent-chord line. The
roughness was achleved by sprinkling carborundum particles (grit FNo. 180)
on an adheslve agent brushed over the desired aress of the wing. The
particles covered apnroximastely 80 percent of the area of the strips.
The effects of these strips are shown in figure 1%. The maximum 1ift—
drag ratio was reduced, probably largely as a result of the increased
friction drag due to the Increase in the extent of the turbulent
boundary layer as s result of fixing transition. However, the allevi—
ation of the premature arrest of the rise of 1lift—drag retio with lift
coefficlent by use of the roughness at the leading edge would seem to
indicate that the boundary layer separating at the tip was leminar.

Variation of meximum lift—drag ratio with Reynolds number 1s
presented in figure 10. A decrease occurred from spproximately 15.8 at L J
2.0 million Reynolds number to approximately 14%.5 at 6.5 million with a
subsequent incresse to 15.2 at 9.0 million.

Aerodynemic center.— The variastion of aerodynamic—center location
wilth Reynolds nunber is presented in figure 11. A slight and nearly
linear forward movement of the serodynamic center is noted from b1
percent of the mean aerodynamic chord at 0.8 million Reynolds number to
39 percent at 9.0 millionm.

Aerodynamic Cheracteristics of the Fuselsge

Aerodynemic charsacteristics of the fuselage are presented In figure
15 for several Mach numbers for a Reynolds number of 2.0 million.
Evlidence of the effect of friction in the balance is noted in the discon—
tinuous character of the drag date neexr zero angle of attack for the lower
values of Mach number. Friction, which acted in opposite directions for
positive and negative engles of attack, accounts for the asymmetry of the
curves of drag—coefficlent variation with angle of attack.

Effects of Camber and Twist

X y : Cheracteristics of the wing "
alone sre compa.red :Ln figure 16 with those of 8 wing of ldentical plan
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form, but having no camber or twist (reference 9). It must be noted
that the wing of reference 9 was tested as a semispan model mounted-from
the tunnel wall and that the gap at the root chord and the existence of
a boundary layer on the tunnel wall would have the sffect of reducing
the effective aspect ratio. That this effect was small is evidenced by
the close agreement between the results of the tests of the semispan
model (reference 9) and the results of tests of a complete model of a
similar wing (reference 8). Furthermore, the cambered and twisted wing
of this Investigetion had streamwise sections of S5~percent—chord thickness
as compared with 6-percent—chord thickness for the sections of the plane
wing discussed in reference 9. Wing-elone characteristics for the
cambered and twisted wing were calculated by subtracting the data
obtained from tests of the fuselage from those obtained from tests of
the wing—-fuselage combinstion. No account was taken of wing-fuselage
Interference.

A comparison is made in figure 16 of the aerodynamic character—
istics of the two wings at several Mach numbers for Reynolds numbers of
approximately 2 million. The prineipsl effect of camber and twist upon
the drag cheracteristics was a reduction of drag at positive 1lift coef—
ficients above a 1ift coefficlent of sbout 0.1, indicating an increase in
meximum lift-drag ratio. The 1lift data (fig. 16(b)) indicate a slightly
more pronounced reduction of lift-curve slope due to separation at the
tips at a 1ift coefficlent of about 0.2 for the cambered and twisted wing.
This reduction of lift—curve slope for the cambered and twilsted wing
occurred at & slightly higher 11ft coefficlent than for the plane wing of
reference 9. This delasy was probably the result of the reduced angle of
attack of the tips due to wing twist. The angle of attack for zero 1lift
was sbout 0.5° for the cambered and twisted wing as compared with 0° for

the plane wing.

Figure 16(c) shows an increase in static longitudinal stebility due
to camber and twist. The forward movement of the amerodynamic center at
8 lift coefficient of spproximately 0.2, due to separation at the tips,
was, in general, slightly more pronounced for the cambered and twisted
wing, and occurred at a higher 1ift coefficlent. The finsl deterioration
of stability of the ceambered and twisted wing occurred at a 1lift coef-—
ficient about 0.15 higher (approximately 33 percent) than for the plans
wing. The cambered and twisted wing had a moment coefficient at zero
1ift of approximately -0.01; whereas the plane wing of reference 9 had no
piltching moment at zero 1lift.

CONCIUDING REMARKS
The results of tests of the cambered and twisted wing with the

leading edge swept back 63° in combinstion with & slender fuselage Indi-
cate the following:
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Effects of Mach Nunber

There was little difference in Mach number effects on the wing—
fuselage combinstion for Reynolds numbers of 0.8 million and 2.0 million.
Variation of Mach number from 0.20 to 0.93 at a Reynolds number of 2.0
million affected the serodynamic characteristics as follows:

l. The sbrupt forward movement of the serodynamic center beginning
at a 1ift coefficient of sbout 0.5 to 0.6 was reduced in severity.

2. The asrodynamic center at zero lift moved rearward from sbout
k1 percent of the mean serodynsmic chord to about 45 percent.

3. The lift-curve slope incressed from about 0.049 to 0.055 per
degree.

BEffects of Reynolds Number

Increasing Reynolds number from 0.8 million to 9.0 million at a
Mach number of 0.20 affected the aerodynamic cheracteristics of the
wing—fuselage combination as follows:

1. Minor irregularities in static longitudinel staebllity were
virtually eliminated up to a lift coefficient of about 0.55.

2. The drag was reduced at positive 1ift coefficients gbove a 1ift
coefficient of about 0.2.

3. The lift—curve slope decreased from 0.051 to 0.046 per degree.

4k, The aerodynsmic—center position at zeroc 1lift was little
affected by changes in Reynolds number, moving from 43 percent to 39
percent of the mean aerodynamic chord.

5. The data from these tests indlicate that certain Iimportant
effects of boundary—layer separation which are evident from tests of
highly swept—dback wings at low Reynolds numbers may not be present
under full—scale conditions.

Effects of Camber and Twilst
The following effects of camber and twist were indicated by a
comparison of the results for the cambered end twisted wing with those
for a wing of idemtical plem form having no camber or twist:

1. The drag coefficients were reduced at positive 1ift coeffi—
clents above about 0.1.
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2., The sbrupt forward movement of the aerodynamic center was
delayed to a 1ift coefficlent about 0.15 higher, an increase of approxi-—
mately 33 percent.

3. The angle of a.t'back for zero 1lift was sbout 0.5° as compa.red to
0° for the wing with no camber or twist.

Ames Aeronsutical Laboratory,
National Advisory Committee for Aeronsutilcs,
Moffett Field, Calif.
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(a)

Figure l.— Model of the cambered

Y

(b) Plan view.

Rear view.

and twisted wing with the leading edge

swept back 63° in combination with s fuselage.
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